SUMMARY The possibility that dementia in Parkinson's disease is associated with specific cerebral abnormalities identifiable by magnetic resonance imaging (MRI) was examined. Sixty eight patients with Parkinson's disease and 28 age and education matched normal controls were evaluated using neuropsychological procedures that included assessment of language, memory, cognition, visuospatial skills and mood. Twenty three patients (34%) were found to have developed significant impairment in at least three of the five areas, thus meeting criteria for a dementia syndrome. Eleven patients (16%) had no intellectual impairment and thirty four patients (50%) had a mild to moderate intellectual disturbance. Patients with (n = 10) and without dementia (n = 20), matched for severity of Parkinson's disease, and normal controls (n = 10) matched for age with the two patients groups, were evaluated by MRI. MRI scans were analysed for evidence of generalised cerebral atrophy, ventricular enlargement, visualisation of the substantia nigra and severity of focal brain lesions. Results indicated that the presence of dementia in patients with Parkinson's disease was not associated with any specific pattern of MRI abnormalities.
Dementia in Parkinson's disease is probably the most controversial of the common dementia syndromes. It has been estimated that from 20% to 90% of patients with Parkinson's disease develop dementia.'" At least some of this variability among reports may be attributed to the lack of standardised criteria to define dementia and to differences in methodology for such assessment. Anatomic correlates of dementia in Parkinson's disease are also not well understood. Cortical atrophy and ventricular enlargement have been identified using computed tomography (CT) in some patients with Parkinson's disease,9" but the relationship between such radiological findings and the presence of dementia in Parkinson's disease are inconsistent.9 [12] [13] [14] [15] [16] We examined possible anatomic correlates of dementia in Parkinson's disease using magnetic resonance imaging (MRI). MRI is superior to CT for visualisation of many cerebral abnormalities,7 18 par- Accepted 22 March 1989 ticularly in the search for periventricular white matter abnormalities which may be related to dementia."9t
We defined the dementia syndrome according to criteria of Cummings and Benson,2' using objective neuropsychological procedures and statistical comparison with appropriate normal controls.
Methods

Subjects
Sixty-eight patients with idiopathic Parkinson's disease and 28 normal controls (spouses ofthe patients) participated. The patients had a mean age of 66 2 years (range 43 to 82) and an average of 14-4 years of formal education (range 9 to 22). Normal controls had a mean age of 67-2 years (range 52 to 79) and 13 6 years of formal education (range 9 to 18).
Patients with Parkinson's disease were stabilised on antiParkinsonian medication at the time of study, and neuropsychological testing was conducted when medication was at peak efficacy. Patients 6. Language. Verbal fluency33 was tested by asking subjects to generate as many words as possible that begin with the letters S and P in 60 seconds. Significant impairment on this task may indicate impaired or slowed phonemic retrieval from long-term memory.' Auditory verbal comprehension was assessed by the comprehension and commands subtests ofthe Western Aphasia Battery.33 Vocabulary was assessed by asking subjects to identify one of four outline drawings of objects named by the experimenter. Ten sets were used. In the naming task, subjects were asked to identify outline drawings of common objects. Twenty drawings were used. Significant impairment on the latter test suggests the presence ofanomia, possibly visual agnosia, or both. 7 . Apraxia. Subjects were asked to perform five common motor sequences (for example threading a needle).36 Inability to perform these actions on command was considered indicative of ideomotor apraxia. Because of the possible influence of akinesia, interpretation of these data is not straightforward and this was not included in the diagnosis of dementia.
In order to meet the Cummings and Benson2' criteria for dementia, there must be an acquired and persistent impairment of intellect as judged by family members. The impairment of intellect must be reasonably generalised, defined by significant impairment in at least three of the following five areas: memory, visuospatial skills, cognition, mood, or language. Impairment in each of the five areas for the Morphological measurements of cisternal and ventricular spaces were made using computer generated visual image analysing system. The cm scale which is recorded on each image was entered into the computer for proper scale was also calculated by subtracting the area of the ventricles from the total surface area. This was used as a gross measure of brain atrophy. Both the number and total surface area of high signal lesions on the spin echo TR 3000 TE 80 images were evaluated. Measurements of lesions from the supratentorial and infratentorial compartments were recorded separately. Again the cm scale from each scan was used as a scaling factor.
The TR 3000 TE 30 and 80 images at the level of the substantia nigra were reviewed directly on the computer image console (fig 2A) . A computer generated histographic plot of the absolute signal pixel intensities ofa strip of tissue 5 pixels thick extending perpendicularly across the right substantia nigra was generated ( fig 2B) . The strip extended from the cerebral peduncle, through the substantia nigra, and ended in the red nucleus. The lowest signal value in pixels from the red nucleus and the cerebral peduncle were averaged to generate a background measurement. This background signal intensity value was divided into the signal intensity value for the highest pixel value of the pars compacta. The ratio is proportional to the degree to which the absolute pixel number of the pars compacta was brighter than the adjacent tissues. Ifthe signals of the pars compacta was identical to the surrounding tissues, the ratio would be 1 00, and as the pars compacta became more intense than the surrounding tissues the ratio would increase. The width of the signal from the pars compacta was also measured in pixels at half maximum height of the signal (fig 2B) . Each pixel is 0 39 mm for a 512 x 512 extrapolated matrix image.
Results
Neuropsychological evaluation
Performances of all patients with Parkinson's disease and of normal controls on each of the neuropsychological procedures were analysed using Student's t test to detect specific group differences. These data are presented in table 1. The patient and control groups were not significantly different in terms of either age, t(94) = 0-6, or years of education, t(94) = 1 1. There was a significant impairment of overall mental performance as measured by the MMSE in the patients with Parkinson's disease, t(91) = 5 23, p < 0 0001.
As a framework to describe specific cognitive impairments that may contribute to the overall intellectual disturbance present in patients with Parkinson's disease, each of the five areas of neuropsychological function defined in the criteria for dementia by Cummings and Benson2' will be described separately.
There was not a significant difference between patients and controls for immediate memory (digitspan) performance, t(94) = 1 1. Patients with Parkinson's disease had significant impairment ofacquisition memory as measured by paired -associates (total) t(94) = 4 50, p < 0 0001, and both the easy items, t(79) = 3-5, p < 0-0007, and the hard items, t(94) = 1223 -- 37) = 004. Ventricular measurements that included the distance between the frontal horns, F(2, 37) = 1-4, the distance between the caudate nuclei, F(2, 37) = 1-6, the distance from the midline to the insula, F(2, 37) = 0-1, and the width of the third ventricle, F(2, 37) = 19, were also not significantly different among the three groups. The number ofinfratentorial lesions, F(2, 37) = 003, and the total surface area of these lesions, F(2, 37) = -0, were not significantly different among the three groups. No group differences were seen with respect to either the number of supratentorial lesions, F(2, 37) = 06, or their total surface area, F(2, 37)=0 01. The relative brightness of the signal in the area of the substantia nigra on the first spin echo, F(2, 34) =1-2, and the second spin echo, F(2, 34) = 1-4, were not significantly different among the three groups. No group differences were observed in the width of the substantia nigra on either the first spin echo, F(2, 34) = 1 6, or the second spin echo, F(2, 34) = 1-0. Three patients were excluded from the substantia nigra analysis due to loss of data as a result of technical difficulties.
Discussion
We examined the possibility that Parkinson's disease patients with and without dementia could be distinguished by a specific pattern of cerebral abnormalities using MRI. 4 Some MRI findings deserve further comment. There was a high incidence of white matter lesions in the elderly normal controls. These findings probably reflect common if not normal age-related processes. Histological correlates have included enlarged perivascular spaces, myelin pallor and loosening ofthe cell packing, which have been reported in demented'920 as well as normal elderly individuals.4748 The MRI parameters of the substantia nigra were not sensitive even to the presence of Parkinson's disease. While this was not a part of the experimental design of the study, such a finding is ofcurrent interest. A recent report by Duguid et al49 found that a small sample of patients with Parkinson's disease could be distinguished from controls on MRI evaluation of the substantia nigra. Our data suggest that analysis of the substantia nigra by MRI did not provide data that were specific to patients with Parkinson's disease.
Our results suggest wide variation in mental status of patients with Parkinson's disease, ranging from normal function to severe and generalised impairment compatible with the diagnosis of a dementia syndrome, but that cerebral abnormalities detected by MRI are not sensitive to the presence of dementia in Parkinson's disease.
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